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A  IIOVC.1 dcsigII f o r  a cotl]pact,  l i g h t  wcigllt, i]]]ti~inp,  spcctro]llctc. r h a s  bc. cn DroImd f o r  an
olbilillg  14 UIIa I n):ip])il]g  nlissioll. Si]ll]~lc

. .
iI] dc. si~I],i[s d u a l  al]n ol~tical  systc  III cJIIploys  a

IIanslllission  g r a t i n g  a n d  a  dichmic  rnirIor  1 0  ]] Iovi(ic  coI][ir](l~us [wo-oct:~vc  sp~~[ra]
Icspo Ilsc. ‘1’he .gr:i[i  Ilg’s fiIsl  orcic.]  wave.lc.IIg[hs arc Icflc.clc.  cl illlo Itlc. SW]]< arl[i,  w h i l e  ltlc
scconct o r d e r  wavclc.nglhs a r c .  tra Ils Ini[tcd  to the.  VNIR arln. ‘1’hc iIlstrumc  Ilt cic.sig]}  i s  tlIal  o f
a push Illooln calncra.  11 use. s OIIc of [lIC cic.lc.c[or(s)  dilllc.IlsioIls  f o r  spcctI:i] sc]cc[iol},  [hc

otl]c.  r dc.lcclo  I(s) cii]llc.r]siot] fol Closs-iiack  sl)aliat sclcclion, alId Il)e. f o r w a r d  Il)olioI)  of (hc
plalfonn (it] tl]is c a s e ,  a SpZICCXIitft)  foI ciowll-t Iack s])atia]  covc Iagc..

‘1’llCIC  a]c t w o  dc[c.c(or a l l a y s . OIIC i s  a Silicotl  tiICii al I;iy vic.willg Itlc VNIR  sc.co]]d-order
SIKXtI 1111) in olIc arlll  of It]c. s])ccl  IoIIIclc I, :111(1 llIC. 0(11 C. I a IIg(’d’]’c  ale. a aIray  vie.w~iIlg  ihc
SW II< s} Ic. c.lrul Il ill Itlc. Sccoll(i  s} Jcc[Io  II Ic[c.I aIlll. By j u d i c i o u s l y  Clloosin:  the tola] spcx;lIal
baltdwidtll  ( ( ) . 4 5  -  1 . 8  p m ) ,  a  (ic.sigll  using  oIIly (Jff-lllc-sllclf  [Ianslnissivc optical lens
assc.lllblics  is possible. C)p[ilni7.  ill:,  llIc 11< dclcclol  foI alI opcrali Ilg Icrn])c.l-aturc  allaij]atllc
wit]]  a low-powc.r (- 6 Walls) Ihcll]locicctric coolc. r (“I’I:. C:) p r o v i d e s salisfactoly Sys(cm
]WJfOIIll:lllC.C. ldclllical  alIay gcoIIIct  Iy ill bo[II  dctccto Is y i e l d s  slIccl Ially  co]ltiguous  da[a
that  mquilcs  no rc. -salnpling. IIavi]lg  fcw o])cra[illg  II Iodcs a l l o w s  a co IIllol  C.tcclrorlics
illl])lc.lllcl]l;i[ioll w i t h  siml]]c log, ical C]cl]]cll[s. ‘1’llc  (Olllplc.  tc illst IuInc Ill (ol)(ics, (Iclcclors,
coolers, alI(i  c.lc. c[rollics)  lIas II() IIlovi]lr, ]Ia][s aII(l occullics  a Volulllc  o f  IC-ss  lllall  ( ) . ( ) ?  11”1~. It
wciglls ICSS  llIa II 1 1  kg.

1 . 0  IN’I’ltol)(JCrl’lo N”

1.1 M i s s i o n

‘1’lIc. l,uIIa I Scout  h4issio~) w a s illlcll(icd 10 ])[ovi[ic  iIlforlllalion  idcll[ifyillg  aII[l quall[ifyi]l~
IIlillclals  l) IcscIIt ill luIla I s o i l  sucl I a s  basa][s  aII(i IIlafic  IIlillc]als, as WC]]  a s  (ic.lcrll]i;lillg
liIc lc.lalivc l]lillc~a]  col)lposilion  o f  lUIIa I s o i l . ‘1’ilcsc.  I)liIlcrals CaII bc rclnotcly  sc.IIscd and
(iiscri  Iili  Ilatcci witil  i]] lhc 0.3-().7 p Ill all(i ().’/- 1.6 jl Ill ballcis, rcsl)cc[ivcly. ‘1 ‘ h c
rccol]l]llc.]l(i[i(i(~]ls ]  fo] all iIlsllumctll  10 pcrfoIlll ~ilcsc. Inc.: isu Ic.l Ilc IIls froI]] aII o] bit aIOUIICi
(iIc M o o n  wc.rc. for a spc.c[ra] IcspoIIsc  of () .3- 0.7 pIII @J <10 11111 lcsolu[ior~.  () .6- 1.6 pnl @ I(I IIIN
]csoiulioli, and 1  . 6 - 2 . 4  plIl @ 20 11111 ICsolulio]l. ‘1’hc l’c.ColllIIICII(  lcci sig[lal-lo-noise was Srcalc.r
lil[lll  5 0 0 ”  @J ( ) . 1  al bc.(io,  :Illd [ilc rc~orlllllc,lldc~i  rlliIliIlluIll  sj,;l~ia] r~soi~,[io~]  ~,as 5 0 0 ”
lllcle.rs/pixel.

~’llc rc.quilt.(i Inission life. was 10 bc. oIIc. year wi[i) a  goa l  o f  two yca~s. ‘J’ilcrc w a s  al I c.xlrc.lnc.
p o w e r  IC. sltiction  will]  otIly abou[ 20 walls  avai]ablc  f o r  llIc il]strulnc[lt.  ‘l-tic IIlass aII(i s i z e

] l+ UIIaI l:,xplola[ion  Sc. icnrx  WoriiiIlg  G r o u p ,  ljt; XWIG. W o r k s h o p  hcl(i  Ap]il 2!(), 1992?,
1’ilocIlix,  AY,.



co]lst]aill[s  dictated  ilIa( tlIe. irlstlulllcl)[  wwigll[ bc. IOW, aIId w c .  c. IIdc. avorcd  to  kc. cp it t)c.low
20 kg.

1.2 l’crforma]lcc Require  rncnts

‘1’tlc dc. sign o f  a  s]lacc flight  illstru[llcIlt i s  u s u a l l y  b a s e . d  011 its ~)crforlllaltcc rcquirc~llcllts.
“1’his  oftcll r e s u l t s  an a dcsigll that  uses state-of-the.  all or IICW t echno logy  dcvclopr]]cnt  for
co Illpollc.  Ilts and/or pIocc. sscs. Wtlilc  this  can be c.sttlctical]y  lJlcasillg  allci  I]rovidc.  t h e
op]wrlu]lity  to advallcc.  tc.cllllology,  tllc p r i c e  ]I;ii(i ill tiri]c.  alId dolla  Is i s  frc. qucll(ly  la Igc..
111 tl)is  iIlstl-ulncn[  wc WCJC. ]) ICSClltCd  tllc o]l~)ollulli[y  t o  cicsif:ll  aII illstrulllcllt  ttlat could
pclfoI1l) a p,ood j o b  of rcturllill~ SO IIIC. subsc.t of t h e  dcsilc.d scic. Ilc.c I[icasulc]]lc.llts v’llile.
rigorously IIlailltailling a specific dcvc.loprncnt schcdu]c  allcl cost. ‘1’0 bc.  SUIC tlicrc were lC.SS
f] C. Xib]C (icsigll rcquircl]lcnts  including  II]ass,  l) OWJCI  aIId  lifc,ti[llc a]](~~ati(~lls,  a s  w~]] a s
those related 10 or bi(a] altitude and c .overage , bul the Inost r igidly followc.d c o n s t r a i n t  w a s
t h a t  o f  Cos[. (J-msc.qtlclll]y, tllc scicncc  rccoll]lllcll(lati(]lls w e r e  usccl not a s  t h e  tc.sl f o r  t h e .
:i~~l}lo])tiatc.llcss o f  ttlc final  dcsig,ll, but rather as tbc. sta I[illg l)oilll foI arrivil]g  at a
dcsigl].  Wc l c . s o l v e d  to d e s i g n  tilis ills(ILl]llc]l[  :11 l o w - c o s t ”  all(i l ow-r i sk ,  allct with off-thc,-
Sllc.lf  Colll])ollc.llts wl)c. rcvcr p o s s i b l e .  ‘1’tlc  ])url)osc  o f  1, S1]<1> WaS t o  rc,[LIIIl goo(j” sCi C. IIC(:,  at
low cost; 1 1 0 1  to tlcccssari]y  a(lvancc t h e  sta[c of t h e  atl of sj)cct]o]llctcr  (icsign.

I II  tl]c. u sua l  l) IOCCSS  of d e s i g n i n g  aII irlstrutnc Itt like 1. S11<1) (proIlouTlcc. ({” l.i~,  aid.  ‘l’his rlamc
~~f:ls wl]li]l)si~:l]]y  l) Iol)OSC, CI a t  all c.ally  dcsigil t~alll  IIlcclill: by OIIC O f  o u r  tcal[l  IIlclnbcrs who
l)lc.fcls II()( t o  l)c idcIltific(i.  ‘l’]IC,  Il;{lllt:,  holl~c.vcr,  st~lc~)  :, hiclal-clly of ctc.si~tl rc.q Llirc.lllcIlts
Icsults frolll cxal  Ilini I)g !Ilc. l]c. rforlIlal]cc qrc uirclnc.llts and []lCII b y ]lostulati  IIS a
Colllbillatiol] o f Colnpollcllls, Subsys[cll]s, ICctlt[oloi:ic.  s, Ctc., ltlat Wf () u 1 d Illcct 111OSC
pc.rforma[icc, I-cqui IclncIlts. Af(cr dctc.~IIlilliTlg  now  C.:IC}I of [hCSC,  SU~)Sy SICJI-l  S i]jtc,rlc]at~,

alId wtlat :lccoll~ltlo(l:itic)lls  rIc. c.dc. d [0 bc m a d e  10 a s s u r e colll]~atibili[y  01 a  “systcill” dcsi~,ll,  a
Colllplc.lc Scl of dcsigll I-cquirclllcllts i s  gcllclatc(l.  11 w a s  rccog,tliz,cd,  catly 0 1 1 ,  ltlat all

ililagillg spCCtrolnct Cr, covcritlg  co Ilti Iluously ttlc  b r o a d  S])cctlal IaIIg C of ().3 to ?.4 11111 :il)d
retaining a S / N  >  5 0 0 ”  OVCI”  WWCk31~lh  (@ {l] bC(lo = ( ) . 1 %  cou](i  II()[ bc bu i l t  fo r  tllc $6 Millioll
fi gu Ic ttlat w a s  oul t a r g e t .  l;u I(llcr, tllc lc(]uirc.d maxilnull] (Icvclo])lllcrl[  Iirllc of ]S rj)~l)ttls
fIOIll St[tl [Up 1 0  dctivcry to the sl)accclaf[  i])(C:gI;ltoI  ]) Icc]udc,(]  aIly ]OIIg ]c,ad til*lc, high
risk c.lcIllc.Iits, or (bc iIlvcIlt  ioIl o f  IICWJ tc.rllrlolo:y. ”

‘1’hc.  14  S 1 } < 1 )  tc.am c.oIIsc.quclI[ly acccl)tc.(i  ttlc “dcsi:I 1-(() -c()sl” ])hilos(>l]tly. l:aclI  clcrllc.rlt  of
\vtl a t w a s  l)clccivc(l t(r t)c  tll C pcrforlnanrc  rcquircIllcrlts  was iIlstca(] assl}Inc(i  to t)c a
pcIforlllal)cc  goal. NOIIC was  to  bc }Icld s a c r o s a n c t .  hut caclI  w a s c.xan)i I)cd  willl rc. s]xcl t o
lIow tin)c andior  cost savi I)g, coul(i  Icslllt f[OIll rc]axin:  thal s e a ] . IIllc.lactioll  wi[ll  Illclnbc,rs
o f  ttlc. scic. Iic.  c. Collllnul]ity si)cciali~illg ill lLIII aI S])c. ctloscol)v idc.ll(ificd (Ilosc aIcas of
s])cctra] COVC. Iil~,  C 1110S(  c r i t i c a l  to ttl C Illa])l]illg  o f  IUljal Illillcra]s.

11 w a s  o b v i o u s  thnt Ihc. loIlg-wavclcIlglh  cII(l o f  t h e ICCOIIIIIIC II(j C.(i co\~crilgc W:i  S WC]] wi[hjn

tllc ])crfolIllaIlcc  attai Ilat)]c  Wi(ll (Ic[cctor  tc~]l]lo]ogy”  t}lc]l i]) c,xistc]lcc. ]]()\\z~v~r,  tll~

dcIc.c Ior w o u l d  rcquilc cooling  t o - /0 -  130K. It \vas also a~)[la Icllt t h a t  ol)tics ti)at opc.latcd to
2 . 4  pIII could  bc. c.itlicr-  t o t a l ly  rcflc.ctivc, 01 if [c fraclivc  b u i l t  fIolll alI e x o t i c  IIlatclial.  l:fitllc.r
Case plcscmtc. d pro blc.ms lhat wclc  cx])c.Ilsivc  aIId tilllc.-cotlsllr[lirl~:, aIId cou](i bc. difficu]l  10
align. ‘1’hc  tllild  challclIgc w a s  tllc a v a i l a b l e  IIlc.ttloci  fol- cooli~lg tllc detector. A p a s s i v e

radiiltor  would  r e q u i r e  atI ullobstructc(l  f i e ld  o f  v i ew o f  S]lacc. that was large.r  thar] was



ava i l ab le .  from the proposed o]bil  of 100” kIII. Also, passive raciiator  dcsigrls in the past2
rcvcaic.d  tiIat tlIcsc  dcviccs  w e r e difficuit  t o  cicsign atlci buiid  aI}d c.ouici  reprc.scut  an
opimltuni[y  for cos[ g r o w t h . Mccilaliicai  (Stiriil]g  CyCi  C) COOi CIS c:~sily rcac])cd I}IC d c . s i r e d

tCl))])CT2itUlCS but prcsc]ltc(i  pOWCr aIICi iifc.tilllc  coIIcc IIIs. “I’bclrll  oc.icc.  (ric cooic.  rs w e r e
]-c. iiabic aIIci c h e a p bul ml-rid  110[ Ic.aci]  t i l e  nc.cc.ssaly tc.ml)c.ratul’c.

Wbilc  W C.  discussed !ilc.sc  issues, Itadillg tbc. ~c. ia[ivc  rl]c.ri[s  o f  c.ac. h, a  soiutiot]  star[cd  (o
clncrgc. I f  wc ~claxc.d lllc. 10IIg WaVCICIIgIiI cuioff  liInit  t o  1 . 8  11111 a
ciirnina[cd.  l’i Isi,

IIulllbcr  of ploblcIIIs w e r e
t h e  opticai CiCIl)Cll(S  Couid  bc [Iatls[[lissivc  usi Ilg giass  as Iilc rc. fl action

Inc(iillm. SccoIId,  tile. dctcclor(s)  woui{i  1 1 0 (  Iiccxi t o  bc as coid :is [hc.y wouid i f  a ?.4 pIII cutoff
w e r e .  rc.quircd.  AIICi  tlli~d,  tlic coolil]g ( i c . v i c e  coui(i bc [bc IInocic. clric wliicll was sirn])ic.,
Cllcap, c.lilllinatcd  ii fctinlc concc IIIs, [c. qui~cci Illodc.rate.iy low power, rcplcscntcd Ilo
(icvc. iopIIIc.rIt c. ffolt  a[ld b a d  bcc.11 f r o w n  iIl s~)ac.c II UII}CIOUS [iIllcs. W c  a i s o  dcci(icci [bat a t w o
arm sl)cctIo  IIIctcI dc.sign  usins  a (iicilroic  bc. arI)s]]iitlc.~ Woui(i  bcmlllc our base.lin e.. ‘1’bis
wmri(i  ailow  us to  U S C.  t w o  dc.tcc[or  aIIays, OIIC fol lhc v i s i b l e  (silico  Il, S i )  and o n e ,  f o r  IR
(JI~cIcuIy  cadnliuln  tcliuricic.  ~]g{’d’l’c). Jly scic.cliIlg  d e t e c t o r  dcsip,Ils tiIat ilaci t i l e .  sanlc.  pixc.1
])ilcb for  visible ant i  ]R, w c  coui(i  cli Illi  Ila[c aIIy Icsalili]iir]g lcquircIlicIl[s.  AI IiIougb s o m e
a(iciitionai  c a p a b i l i t y  ill tbc 1.8 10 ?.4 pII) Icgiol] woul(i  t)c. Icqui]cci, it woui(i IIO[ bc as a
cont inuous spc.ctromctcr  anti w c .  (icci(icci  olI usirl~ s~)ol Iadiolilctcrs  fo: tilis r.ovc~agc.. The.y
w i l l  bc (ic.sc]ibc.d  subsc(iucn[iy.

[Iltirllalciy  it w a s  a  [Ilociificatiotl o f  l i l t .  l)crforlllallcc lc(iuirc]llcl](s  (w/avc.lCIlgllI  covclagc)
tlla( yicl(ic(i  tbc ks( dcsigtl fol tiIc avail al)ic rcsou Icc.s. ‘I”ilis (icsigll  cal I bc sccII in l:igutc.  1 .
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2 . 0  INTS’1’RIJIVIKN’I’  l)ltSCR1l’’1’loN

2.1 I) C((’CIOI-S

‘]’]lc 1, S]1+]) Visib]c  slJcctI-onlclcr  dc.lcctol  ctloscn w a s  a Rc[icon  RA1?8x1?8  l:J;’l’  sw~i~cll silicoIl
])ho(odiodc arjay. ‘J’llis  (jc[c,~[or  has  bc,cII iIl ~)roductioll”  at Rcticx)l)  for OvC.r
a]tlIOUgiI IIOt (}Ic. b~s( [C.GhIIOIOgy  a v a i l a b l e . ,  plovidcs  tligtl  JCli:{bi]i~y  a t  a  low

An 1?8 x 1?8 array of s i l i c o n  ])ilotodiodcs iIILcg,  Ia(c ltlc illcortlil]g  s i g n a l .
conncctc.d 10 mc of Iwo ]luckcl  B r i g a d e  l)cviccs ( 1 1 1 1 1 ) s )  v i a  a l(lirl’  s w i t c h .
Icgis(c.1  coIIIIc.c[s  each  row of  I)ixcls  10 [ t ic .  11111)s  ill (LIIII, llIc 1:1:’1’ swi[chcs  arc

1 0  yc.ars and
cost.

];ach  pixc.1  i s
A digi tal  shifl
close.d and the.

clIa Igc. gcncratcd  i n  t h e  photodiodm  l o a d s  [lIC 1)111)s  aIId is r e a d o u t . “1’hc pixc.ls a r c  conncctcd
1 0  lhc 11111>s in all odd CVC]I
marlnc.r (i. e., pixc]s  1, 3, 5, etc. arc coJIr]ccIcd 10 ttlc  odd I)]{TJ arid pixc.ls 2, 4, (i, ctc.. arc
Collllcctc.d (0 (tic.  Cvc.11  111+11).

“ 1 ’ a b l e  1 pIovidcs  a sllorl list of tlIc v i s i b l e  s])cct Iolllctcr (ic[cctot  paramctc~s. ‘I$hc detector
w i l l  OpC. Ia(C,  a t  0*(~, a  tcmpcratu  Ic casi]y ol](:lillc.(i  by a siIl&lc.  s[agc, ttlcl-lllc)c.lcctlic  cooler.

‘1’able 1: 1, S11<1) Visil)lc Spc.ctroIllc.tc~ l)clcclot  l’aI-:IIIICtCIS.

l“” -AIIa
s pi;

“1’jlc.  cIi[cIia  used irl [lIC sclcc[ion  of IIIC (I CICCIOI  IIla[c]ial for I}IC 11< S1)CCIIOIIIC.(CI  w a s  IIigh

lc.lnpclalulc opc. ratim. ‘1’llc  1 1 1 0 0 1 1  i s  a  II()[ b o d y  aIId ltlc low orbi( a][ilLldc  lIiadc. t h e  l a r g e

v i e w s  o f  cold s p a c e  nccdcd f o r  ])assivc r a d i a t i v e  c()()lc I-s dif[”icul(  [o ob(ai I1. ‘1’ac(ical c(>olc.rs
(Illccllanica])  w e r e  dc,c,I\)c(J  (O bC (OO ~l,lrr]i:l~)]c  ~lll(j  ~ollsLllllc(]  too” ,[1 Llcll *)oW,cr  f o r
i]]ll)lclllc]ll:]ti[>tl 01) this miss i on . ‘1’llis  ICf[ (tic Illloclccl Iic c.oolc. rs, wllicl) can  rCliab\y
achic.vc  Icl)ll)cratllrc.s o f  220K,  ;is [hc c o o l e r s  avail al)lc for considcra[ion.  Giver] [hc cu[off
wavclcng(tl  of 1.8 ~1111, tWO dctc.ctor nlalc.lria]s  w e r e  ]jossiblc  Calldidatcs  for :111 ]1< dC[cct~r
wilich Ol)c. Ialcs at 220 K. ‘1’llCsc Illatcrial  alc II IcIcury  c:{(illliljlll tc.llu Iidc (}lg(’drl’c-l.8  ~1.111



c u t o f f )  (JI itlciiur]i  ~~llium arscni(ic  (l] ICia As). wc cl~osc  mc.rcury c:idmium  tclluricic  bccausc
il is the. more mature. tcchllo]ogy.

Nc.xl, wc addrcssc.d  the  mul t ip le .xc r  [cchl)olog,  y. }Icrc wc dcsircci dcmonstra[cci,  off-[  bc-shc.if
(Cchllology. “1’hc lilultiplcxc.r  liccctcd Ialgc. Cal)acilancc  to halldlc,  Ilic l a r g e  signals  tllc ]ILOO]I
gcllcratcs,  220 K ol)cratioll C.rrnlmc.nsulatc  will] “1’l;~ coolirlg,  and bigll rc.adoui s])c.c(i  t o
obtain Itlc rc.quirc.ci  s~)a(ial  sa[npling. N o  off-tllc-sllclf  lllul[ilJlcxcrs w e r e  able (o nlczt  t h e s e .
Icquircllicn(s. }Iowcvcr,  R o c k w e l l  lntc. r]latiollal h a s dcvclopcd an archi(ccturc  callc.d
c.apacitivc  tr:lllsillll)cdallce al~]plificr (C’”1’IA)  wl}icll cout(i Ilicc.t [Ilc a b o v e  rcquircrncnts. ‘1’his
tc.Cllllology  llas bcc.11 dc.lnonstratcd  i]} ]Ilul(i]]lcxcls  w,il}~ diffc,rc:lt  forlllats  tilall  tlic,  (Jllc.
rc.(]uirc(i f o r  1,S11<11 anti  i s  I}lc approacil  wc CIIOSC.  for tbc IIlultil)lc.xc.r  f o r  [hc 11< dctc.ctor.

Witlli]l  c.ach unit CC.11 ( o r  p i x e l )  o f  t h e  C’I’IA rnul(iplcxc.r i s  a  c a p a c i t o r which integrate.s tt]c.
signal gcllcratcd  b y  Ihc. }IgCdrl’c  pho[o(iiodc  auci an alllplificr. 3’his allows the Il$C’d’I’e.  diode to
oiw.l:itc.  IIcar ~,cro b i a s  f o r  lowc] ]Ioisc and a  Illorc li~lcar  rc. spollsc. ‘1’hc  arllplificr  g i v e s  t h e
signal  cl)ough gain 1 0  ovcrcolllc  t h e  noise  .gcrlcratc.d by  tbc rc.adou[ p rocess  fo r  ove ra l l  l ow
lloisc  ]~clfolll~allc.c. l;acll ullii  ccl] i s  sclc.ctcd f o r  ica(loul  t]y t w o  (iigital  shift  Jc.gistcls ( i .  e . ,
OIIC shift lcgistcr sc.tccts  r o w  ])ositioll  and t}lc  otl]cr  s e l e c t s  COIUIIIJ)  posit ioI), which

ulli(]uc]y  cic.fines each i)ixc.1  site).

“1 ’ab le  ?  ])rovi(lcs  a shot( list of j):ira[nctcls fol [Ilc If< s])cctrolllc.lcr  ctctcctor.

‘1’al)]c.  ? : 1 4  S11<1) IIlfrarc(i S]jcctlomclc.r  l)c.lcclor  l’alarllc.  tc]s
—. — .—-——. ———————. ———, ._ .—

l’aramctcr ,  ~v~~ i“l~-----------
—.—-—_ ..— — ..—

l)ctccto~  Malcfial

--=1--”-:”----

hflclcury C;adnliuln –

‘1’clluridc  (11 P.~d’I’C’)
— -  L _ _ _  .—

S p e c t r a l  ~:{TICC
. . . .
( ) . 9  pIII to 1.8 JIlij .  .  .  . . _  . . _ _. -.— .-—.. —.. -.

Arlav Si7c—.. -—..—= 128 x 1 ? U!!2!!-
i;ixcl  l’ilcb

.—. —
(10 1)1111  x  m 111111 ‘“:”-4”___ .—. - .. ——-..  . .— - . . . ..-— — .

l)aIk  ~l!trcllt  at 220 K

QualItutn  l; fficicllcy

Multi  ])lcxcl  ‘1’yl)c ‘-

IIllcrration  ‘1’illlc
Rca(iout  Ralc
<?~rat i n ~ ‘1’cgcrat  urc.

I;faClI  cic.tc.ctor  w a s  t o  bc ]Iloulltc(i  ill all i(ic.ntica]  v a c u u m  h o u s i n g  w i t h  a ‘1’li~. “1’hc Visible
(ictcctor’ rc. quircs O1ily a sillglc Stage “l’i:(’, fol slabili7. atioll, while tile IR d e t e c t o r
tcmpcraturc.  nccc.ssilalcs  Ihrcc  slagcs. lly calcful bafflil]g, (I)c 11< dc.lcctor  call bc. kept at
2?OK wit]] only 6 W a t t s  in])ut lmwc.] [0 ttlc  ‘1’i;C. ‘1’tlc.sc  ‘i’] :C’s  h a v e  bcc]l  flown ])rcviouslys  and

~ 1;. (;. llubb]c  Spat.c “1’clcsmim/Wi(ic  l:iclci  I’lallalary ca[llcta



,

h a v e  dc.nlons(r’alcd  rc]iabilily, WhilC Iclllaining  all “off  [Ilc Stlclf”  ilcJJ~. ‘1’hc  a b i l i t y  (0 a(laill
accc.ptab]c pcrforlnancc in an 11< spcctro]nc.lcr,  using s o  sillllllc a  cooliug  co]lcc.j)t, i s  crnc o f
t h e .  kc.y dcsigli feature.s of this ir~strulnc]]t.

2.2 o p t i c s

‘1’hc 1.SIRD  o p t i c a l  systcmi  i s  atI oil-axis  slit spcctlonlctcr  (l’igu  Ic 2) Wllosc sp~~lral
ctis])crsioll is  accomplished by a t~a]lsmissioll ciiffrac[ion  g,raling. ]lolh ttlc. f i r s t  aJld sc.cond
order  bc.ams  from the grat ing arc, i m a g e . d o n t o  [hc d e t e c t o r  ar]-ays fa Ic. r sc.paratiorl b y  a
dichroic  fillc.r/bcanl  splitlcr.

-. —..

-----

-.

l’igurc ? : 1 .  S11<11 [)l)tical AI IaIIgcmcIl[

];our ictc.ntical  o[)lics a]c U s e d : orlc as aJI objcclivc  (fore.-o]l l ics) , OJIC. :1S a  CO]]i Jll:l(OJ,  aJld  [tlC.
rcmairling  t w o  a s  spcctromc.  tcr canlcras. Tt]is alrall~cl]lcnl  plovidcs u]li[y magtiificatioll
a n d  Icnds  t o  p r e v e n t  a n y  abcrlatiolls  illllclctlt  ill LIIc l~lls (i~sigJl  froI~~ sul~~n~ill~  irl all

da vc. rsc nlannc.  r.

l{ach lens is a six-cl  c.rncnl  apochronlal Of ttl C ~. C. II O] Il;i Jl forll] fabJicatcd  b y  (IIC ScllJ)cidcr
corporation. ‘Ibis  l ens  t ype w a s  sclc.ctcd foJ i t s  su])ct ior color  corlcctioJl  cxtc.ndi  Jlg Wc.tl
iJlto LIIC ill frarc.d, arid [hc pl-io]  SI)a CC flight  cxp~licllcc o f  t h i s  su]]l)licr with this (lcsigl~.

‘1’hc  ]cnscs a r c  rc-nlountcd  irl f i X C d  :i}~CJ(UJC  :Illd f o c u s  cc)llfi~,LIJttlic>rl. ‘1’lIc.  nc.cc. ssary
n~ounting har-dwarc  i s  a v a i l a b l e  f!olil  Schnc.idcr, havins  bccll dcvclopcd  f o r  ~~rc.vious s p a c e
b o r n e  aj~plic.ations.  (Vcla  lJrliform :IJJd SI):lccl:ltJ Solici  S u r f a c e  C;oJllbustioll  I:rxj)c.l-illlc.llo,  a n d
qualif ied for  both l a u n c h  a n d  on-orbit  c.nvironnlcnls.

‘1’IIc  ot>jc.clivc ]cns images  a  CrOSS-traCk  s~riI) of Illc lUII:IJ surf:icc  orllo a  s l i t  havirlg Ihc.
SaJn C7 ditJlc.rlsiorls  a s  o n c  r o w  o f  cictcclor clcJllctlls. ‘1’IIc s]it irllagc  i s  collinla[c.d  b y  a srxxmd
l e n s ,  rcvcrsc.d to the.  objcctivc. ‘1’llc  colli Jllalcd bcall] i s  ciispcrscd iJl tbc slit llc. igli[ d i r e c t i o n
by  the  t r ansmiss ion  diffl-action  ~rating, Ihcn intcrccptcd  b y  a  (iichroic  bC:l JIJ splitlcl. ‘1’hc.
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firs~ order  b e a m  i s  re.flcctcd i n t o  a  third lc.ns for rc-inlaging onto the. IR dc(cctor  array. ‘J’llc.
sc.colld  ordc. r light is ttansnliitcd  and r c . - i m a g c d  b y  a fourth  lc.ns onto t h e  VNIR  dctc.c[or. A
pictutc s w a t h  i s  built  u p  a s  pla(forlll  n~otio[l  ]JIOCCC(l S.

“]’hC  C. ffCCtiVC foCa] ]CIl@lS of thC ()[)[i CS WCIC sclc.ctcd  10 p]ovicic  as C1OSC a nlalch  a s  p o s s i b l e
bctwccll  tj]c rnissioll  ( o r b i t a l )  paralnctcl  SC.L and “off-lhc.-shclf” lens Ucsig!is  a vailable,. ‘1’hc
lc.nscs arc achromatizc.d  f r o m  0.4 11111 to 1 . 1  pnl. ‘1’hc.  first  o r d e r  ( 0 . 9  10 1.8 }1111)  il]lagc.  f o c u s
w i l l  bc accomlllodatcd  by t h e  positiotl of t h e  11{ (Ic.[cc[or. 1,CIIS da(a i s  listc.d on ‘1’ab]c 3.

‘1’lIc d i f f r ac t ion  g ra t ing  (SCC q’able 4) wil l  provide dis]mrsion of the 7.68 x 0.06 Inlll slit
illlagc.. “1’IIc fimt aIId sccoIId  ordc.rs o f  the difflac.  tc.(j illlagc w i l l  bc sc])am(cd b y  90° usi Ilg a
dichroic.  bcamsplit[cr with a  wavclcng[h  cut a t  0.90 IIm having  a 10%) to 90% width of 2 nm.

‘lo obtain  radiomctric data at s p e c i f i c  w:ivclcngIhs  of in[crcs[  ou~sidc  t h e  rall~c o f  covcragc
of Ihc. spcclromc,tcr,  f o u r  spot radio  lllc.tcrs  wclc  a d d e d  tc) [hc ills(runlcn[. “1’hcsc collll~risc.
sillglc  lIIGaAs  o r  l]IAs phc)tovoltaic diode.s with ]Iallow b a n d  spcctlal f i l l e r s  and  sirlglct
silicon lc]lscs  bore-sighlcd wi(h [hc illslrulncll[  objcclivc.  ‘1’hc  w’avclcng[hs  sclcclcd ( 1  . 8 0 ,
1.85, 2.1S a n d  ?..40 ~IT]I) provi(jc a  littk 10 t h e  s])cctroll-lc.tcr  band c(igc :11 1 . 8 0  pIII iiIId r:idiancc.
data a 1 wavclcng[hs associalc.d will) Cxpcclcd Illillcral sl)ccics. Ra[ios o f  r a d i a n c e
mcasul-c.ruc]lls w i l l  bc USC(1 t o  c.stilllatc rc.lalivc at)u]]dallcc.  s, a s WC]] as 10 cstal)lish
e q u i v a l e n t  black -t~ody tclil~)clzittirc.s.

r.—I’ill:i 111  CtCr ‘“----”-  —-- “—~ V711 c“–- “‘- :____ ___ ______.—.. -. . . ..— . . . —.—. .——  —.
1,CI;S  “Type. (Ali)

“E:::”--’:

SCt,Ilcj(jc,r ]4/]-/—.._.-—.
IJffcctivc.  l’ocal 1 ,cIILllI 1 7.56-11111)— .- —.. ——
I’ocal Ratio  (E’ixcd) ._ ._...__ ..—__—.-—— ffs. s
I;icld-of-V~

..——
24.6° x .195° ‘“:--1-. . .

‘1’al)lc 4. l)iffractiotl  Ciratill~:  l)il10

EZ:-;EFZ::---3-3
.:::[_v ,, ~ ;,;.-..  ____ ___ . . . . _--— --------

II]cidcllcc  An/!lc.

_l)i~~rac[fi)n  A]lrlc  -  1 . 4  pln
l)ifflacti(J1l  AIIPIC -~fi j[r]] “- “-” .--””-  __ __

‘1’hc final op t i ca l  dc.sign a l l o w e d  t h e  (ic. sigtl o f  a  spccllomc[cl  tlousinfz that was surprisingly
sIllall. III fac( i t  m e a s u r e s Only 23 x 1? x 9 CIII. “l”i]c clltirc illstrulllclll, including
spcctr(mctcr,  both clc.c[tonic Inodulcs.  and t h e  SI)O[ riidioll]ct~r mc.asuIcs  30 x  ? 7  x  30 CIII aIId
weighs just 11 kg. 11 r e j ec t s  its w a s t e  h e a l  t o  i t s  n~oull(ing sulfacc whicjl nc.ccis to bc a t
about 2 “ /0  ~, :Iorlllal  f o r

‘1’hc spc.clromc.tcr itsc.lf  i s
the s l i t  and bcamspliltc.r

S})aCCCIiifl  slruclurcs.

dcsignc.d  10 bc. ciisily a l i g n e d  I)y ll)~iilis O f  siidillg  l)l:iIcs  on whic}l
a rc  mountc.d. l’hc Ic.nscs  can bc f o c u s e d  b y  rotatil]g  thclN in their



●

S c r e w mounts b e f o r e  s e c u r i n g  thcln.  lSIRI)  i s  clcsig])cci so [hti( [he spcclrotIIc[cI  i s
inscI]si[ivc,  [o aligIlmcll(  dcgradatiou (iuc 10 thcrlna]  e.x])ans  ion.

2.3 ],;](.~tr-o,liCs

liach  d e t e c t o r  a r r a y  rc.quircs  u n i q u e  and s p e c i f i c  d r i v e  C.lcclronics.  in kccj)ing  w i t h  [hc
l o w - c o s t  s])irit of this  dc.sign w c .  (ic.ci(ic(i  10 ])roc.  urc lllc cirivc clcct  Jollic.  s flolli  ( b e .  focai -
plal)c nlaliufaclurc~s. i n  t h e .  c a s e  o f  Rcticoli  t h e r e  w a s  work  in pmgrcss  to lnakc a  s e t  o f
d r i v e  c.lcctronics  tha( w e r e fiyablc. };or (IIC Rockwcl]  CYI’l A wc dccidc(i  to use. a SC.(. of
ciclnotlstration  boald e l e c t r o n i c s an(i ui)grtidc. tbclll to nlakc  thcm accc.ptablc  f o r  space
fligl}t.  ‘1’bcsc  t w o  b o a r d s  and associa[c.ci  signal prcall~~)lificrs w o u l d  bc mountcci  in a dcdicatcd
package, C1OSC  to Ihc t w o  cictc.ctor  h o u s i n g s allci intcrcot]ncctc(i  b y rc.ll)ovab]c  c a b l e s  arid
plugs.

l;ac}l Spcctl  ai r e g i o n  h a s  its owl] A/l)  corlvc.rlc.r.  ‘1’i)c!-c a r c .  t h r e e ; OIIC f o r  v i s i b l e ,  onc fol- 11<
and OIIC f o r  !bc s p o t  radiomc,tcrs.  III t h i s  w a y  timi]lj: i s  siil]plc aud analog  ]llulti~)lc.xin~  i s
avoi(ic.d.  A  low-i)owcr  chalgc illjcctioll  A/l)  co]lvcllc.t  w a s tile c.iloicc.  fol c.ach.  ‘1’hc. All)
collvcr[crs, array syllcllrollizj:itiotl, aIl(i ovcra]l il)slIulllcllt tilllillg al)d coll(rol was all
(ic. signc.(i f rol iI cxistinfi  C;M(3S  tc.cilnoiogy. N o  Inic Iol)rocc.ssoI,  so ftw’al-c, ltlc.rllory  ]oa(is,
alterable, modes, variable sc(jucllccs an(i Itlc l i k e  c o u l d  Icasollat)ly  bc i n c o r p o r a t e . ( i  into a n
illsllulllcnt  of low-cost. l o w - r i s k  dcsigrl. 1( w a s  ful[hcr  (ic.ci(ic.d  to  ])loc.utc. tbc ])ow’cr  s u p p l y
froto OIIC of sc.vcral vc.ndors curlc]]tly  buil(ii]]g SUCII  s p a c e  cIuality  dcviccs. Al(bough  i t
would noL bc as pc.r’feet a male.il as a custo  III (icsi{:ric(i  p o w e r  sup IJly,  lilt  tinlc  and c o s t
savil)gs rcali~c(i w e r e .  an a(ivantagcmus lradc..

A l l  of  the c.lcc[ronics, cxccpt  for lhc p r e v i o u s l y dcscrihcci f o c a l  i)lanc clcctrollics,  w o u l d  bc
col]tai~ic(i  it] ti sill~lc p a c k a g e . . ~’bc clcct[o])ics  block (iiagralil cal I l)c sc.cr I ill l:ip,  u~c 3.

2.4 Risk Mallagemel]t

M o s t  clc.nlcnts  o f  tilis (ic.sisn  alc colllplisc,(i  of either “off-tlic.-shclf” o r  lilaturc.  tc.ch]]ology
it c.ms. l;or  ins tance . ,  no  r i sk  was assignc(i t o  citbcr  t h e  e l e c t r o n i c  co[n])oncnts  or t h e
procurcmcrll o f  tllc grating. ‘1’hc  e l e c t r o n i c  cotnl)oncnts  a]c a l l  cxis[inc  parls an(i t h e
glatillg,  wllilc cus(oln lna(ic, i s  ]ca(iily ol(icrc(i f r o m  ii IIu[llbcr  o f  SO UICCS.

‘1’IIc  g,rcatcst  pcrccivcd  risk in [Ilc. (ic. vclo  I) II Icl Il o f  lilis i]lstrurllc~l( w ii s t i l e .  11< (iclcctor
array. I; VC.11 though cacil c.icrnc.nt  o f  lllc  arlay ilii(i  bccll fahricalcci  bCfOIC., :Ill(i WC ha(i

Cvcly Icason t o  bc. ]ic. vc [his ]Icw colllhinalioll  o f  c.lcl]lctlts  would  yiclci  a successful detector
arlay  al first fabrication, w c  f e l t  c.o Im)cllc(i  t o  (icvcloi)  a st]atcgy  10 r e c o u p  10s( (imc sboul(i
tile dc.[cctor cicsig)l J“C[ uiIc1 rcfillcll)clll. Wc cslablis])c(i  rl]ilcs(otics  ;iIIci cic.lclr]lillc~i  tlIat
shou](i  t h e y  n o t  bc m e t  altcrna[ivc  sira[cgics  woulci  bc brou~hi into p l a y  ilnmc(iiatcly. fjlso,
IIlultip]c cxalnpics o f  ttlc arrays wouici bc I)TocLIIcCi  in v a r i o u s  s t a t e s  o f  C.ollli)lction.
lnaxinl izing tbc. p r o b a b i l i t y  o f  wil)(iing  LII) wi(h a working dc.vice al ltlc ship date..

—
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IiigLIJC 3: 1  ,S11{1) lilmtronics  1310ck  I)iag,ram

II was a l s o  cic.cidc.d  (o b u i l d  t h i s  illsllumclll by a collcsivc, Co-located Icalll which was
c.omposcd o f  iI)dividuals  dcdicalcd  t o  this task. II h a s  bcell  Sllow’11 Illa[  t h i s  c.o-loca(ion  can
dranlalical]y ilnl)Iovc in forIl)al ior] cxchall~c.

Schuiuling  n e e d s  to lM adhc. rc.d to ru th l e s s ly and arly s l i p s  r e q u i r e imnlcdiatc.  rcj)ianuing,
wilh 1)0 “wail and Sc. c” periods allowc.d. ‘1 ’here  needs  10 bc in p l a c e mechanisms for
a]ltici]]a[il)g  dc.lays. ‘I’hc. sc il~clu{ic IJhascd  dclivclics,  b u i l d i n g  o f  s u b a s s e m b l y  s p a r e s ,  and
buying  ra the r  [hall  b u i l d i n g  colilponcnts  an(] a s s e m b l i e s , u’hc. rcvcr ])ossiblc.. A l s o  c]ucial
to t h i s  t y p e  of instrurnc.nt dc.vclopmcnt i s  t h e .  acccp[alicc  of sonic  grcalcr r i s k s  t h a n  woul(i
bc tolcrabic in :i lotlg-tcxln  ctccIJ  s p a c e  n)issioll. ‘1’his iI]]plics ac. ccl)taIIcc tcstillg tlIc.

compictcd instrument ralhcr tilan corni)ol)cnt  icvci t e s t i n g  of e a c h  parl, r e s t r i c t i n g
tcmpcratul-c  and vibrat ion icvcls  usc(i in tcstillg,  and utilizill~ commc.  rcial ~~arls.  }Icrc i t  i s
ncccssary  t o  rciy  o n  scrccning, r a t h e r  tllail  I)c(iiglcc t o  gain SO IIIC.  nlcasurc  of coIlfidcrlcc
in the parts  abi l i ty  to pc.rforIn its r o i c  ill tllc co[[li)ictc[i  il]s[lu[ilcllt.

‘1’lIc b a s i c  scicncc. rcqui IcI]lcr)ts f o r  Il)c 14 SII<1J sl)ccl~olllc.tcls  arc s]low[]  ill tabic 5 .



-1’able s: I. SIRIJ  lixpcrilnctlt  paramctc~s

‘1’able 6

3 . 0  IN S’I’RUMII;N’]’ l’lclll~’ORi VIANC1t

]Jrcscllts tlIc systcln  pcrfomlancc.  para]nctcrs f o r  tt]c 14 S11;1) spcclromclcrs.

l’lease rc.lncmhcr that the
ratios a s require.d.

‘1’able 6: lJSIRI1

}’a]amctcr

JJ.r:~lio
litcnciuc

l e n s e s  usctt 1 ,SIR1) arc f /? but w i l l  bc s[oppcd dowt) t o  a n y  o(hcr f-

spcctIolllctc.I l’crfo]rnal]cc  }’ala]nctc.ls

Spltial  SaIII~)~~. ..—-.— ..- —---
IIllcgr  ation  ‘1’imc. . .

QualllulII lifficicncy
..— —

Jotlnsolt  Nois;
Rca(lou! Noise.—-———.
l)alk C:urIc.nt

._ ———___—
“l$hc. IInal llack~~roullci—_a-— _ ..—-——-
Si:17~l-. _____ . . . . _ .. —._ .
l:Ilc_odill~

..—
Visii;lc TIrlfrarcd‘—”--T
s_[)c.  c[Io Illctcr IS.IEIC!.I.!MMJCI  .____  ._=““:-?ZE3!ESAf/4.()
1.77 x 10-6 C!jn-+ Sl”——— ______
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:
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1 0 [ )  lIISC.C

50% @ 0.45 ~111) 50% @ ().9() ~(11)
I
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25% @ 0.90 & _ , . . . . . . . . . . . .._. ..—-35% @ ].80 ;111]. . ..—_— ——.
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2 $ 5 0 0 ”  rlils clcctro!i: .  _ _  _ _5 0 0 ”  1111s C.lccllolls
8 x  10’1 c.lcct  Iolls/scc 8 x  106 c.lcc[l’ons/sc.c
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- - - 97L4 clcclro  Ils—.

(().’7  pill to 1.8-, ~111))  -
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1? t~ils 12 bils

l;igutc 4  prc.smls a  graph o f  tlIc  ll-IOd  ClCd  1 .  S11<1) ])crforlllarlcc al thrc.c altdos.  ‘1’he 2
C]lallncls of slJcc(ral Ovctlap alc Sllowrl. ‘1’tlc I)cIforIIla]]cc  i]) Itlc v i s i b l e  i s  gcncr:illy
g,rcatcl ttlan 500” signal- lo-noise rat io,  and [tic 11< Spc. clrowic.  (c.l ‘1:ic. lie. vc. s a  pcrfornlancc
gc.lIc Ially  grcalcr (lIaII 400 sigl]al- lo-noise Ialio.
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I I I  a d d i t i o n  10 t h e  spcclrolnctcrs. 1,S11<1) irlcludcs a SC( o f  s p o t radio  nlc.tcrs  which  lncasurc  lhc
radiallcc at four Wavclcrlgllls outside ttlosc Covered  by tllc spcct IoIllctc Is. l’hcsc.
wavclmglbs  am c r i t i c a l  ( o  Ibc idcnlifica!ioll  o f  sol]lc  o f  ttlc lnajol nlincra]s  prc.sc]i(  on t h e
ljullal sur face .  q’bc spo t racliomctcls  collsisl  of a  sillglc f/? ICIIS, a f i l t e r ,  alId a sing]c
pbotodiodc.  q“ablc  7 pl-cscl)ls  Ibc systc]n palalnclc.]s of [hc sl)o[ radioll]ctcls  aIId “]’ab]c  8  g i v e s
IIlc. s p o t radiolnctcr performance.
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4.0 (: ONC1, US1ONS”

lly r e l a x i n g  ccrlain dc.sign rc.quircmcrlls aIl ilislrull)c.nt w a s  cic. siftllcd that could  rc[urn  a
g r e a t  cic.a] o f  scicrllific  i~lforlnaliol]  at a  l o w  cosl. Ily usillg carcful]y  cl]osc. ]1 of f-ttlc-shc.lf
C o m p o n e n t s  tbc p r o b a b i l i t y  i s  high o f  (iclivc.lrillg ttlc instrumc.rlt  OII ti]nc. alld within
budge.t. ‘1’hc  ICSSOII for l o w - c o s t  il~strun~c.]l(s  rlc. ccis to bc “wl)ilt c a n  wc do w i t h  w h a t  w c

havi, ” rather than “ w h a t  d o  wc need to gcl wtlal  wc warl[. ”

5.0 AC I< NOW1,l{  ;l)(; ll; MII; hT’l’S

‘1’hc. authors gratcfLllly acknow’lc(igc ttlc followi]lg  i n d i v i d u a l s
l a b o r a t o r y  f o r  t h e i r  contributioI]s  to this  (Icsigll  e f fo r t :  ~arl ]]rucc,
Kurv.wcil,  W a l t  Pc.trick, J e f f  I’lc.scia  a])d I11OSI o f  a l l ,  Kalhi Younkcr.

‘1’IIc. work dc. scr-ibc.d ill [his papc.r was cal-~ic.(i  OU[ at the Jc(
~aliforllia  lnstitutc  o f  ‘1’cchno]ogy, under  con t rac t  with the. hTational
Admin i s t r a t ion .
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